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Coronary VasoconstrildiOn After Angioplasty of Total OcclusID11s:
Relation to Change in Coronary Perfusion FAssure
WING-HUNG LEUNG, MD, MRCP
Hong Kong, Hong Kong
O%kdkes. This study evaluated the coronary vasomotor re •
sponse after successful angioplasty of chronic total coronary
occlusions and tested the hypothesis that the degree of distal
vasoconstriction is dependent on the change in perfusion pressure.
Background. Although distal coronary vasoconstriction has
been observed to occur frequently after successful percutaneous
trausluminal coronary angioplasty, little is known about this
vasomotor response after angioplasty of chronic total occlusions .
Methods . Thirty patients with successful angioplasty of chronic
total occlusions of the left coronary artery were studied . Quanti-
tative coronary measurements were made at 0, 15 and 30 min
after angioplasty and again after intracoronary nitroglycerin
administration in coronary artery segments distal to the dilated
lesion and in a control vessel. The change in distal perfusion
pressure was defined as mean systemic arterial pressure minus
residual mean transstenotic pressure gradient minus mean coro-
nary wedge pressure.
Coronary vasoconstriction distal to the site of balloon dila-
tion has been observed to occur frequently after successful
percutaneous transluminal coronary angioplasty (1-4) .
However, its pathophysiologic mechanisms are largely un-
known. Fischell et al . (2) observed that the degree of distal
vasoconstriction after coronary angioplasty correlated sig-
nificantly with lesion severity (minimal lumen diameter) .
They proposed that this increase in coronary vascular tone
could result from a myogenic response to the sudden in-
crease in perfusion pressure after relief of the stenosis by
angioplasty . However, a more recent study by El-Tamimi et
al. (4) failed to demonstrate such correlation . However,
neither study directly measured the &, ,inge in coronary
perfusion pressure after angioplasty in the distal "hypoper-
fused" artery .
The sudden change in forward coronary blood flow and
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Results . The distal segments showed greater vasoconstriction
(vs . nitroglycerin) at 15 and 30 min compared with that at 0 min
after angioplasty (32.3 ± 2.2% and 35 .2 t 2.5% vs. 12.5 ± 1 .8
respectively, p < 0.005) and compared with control segments
(32.3±2%v&1210,p<0. 005, and 35 .2 :k 2.5% vs .
12.5 ± 2.0%, p < 0.005, respectively) . The degree of vaseconv
striction at 30 min in the distal segments was found to correlate
closely with the change in distal perfusion pressure (r = 0 .73, p <
0.001).
Conclusions. Coronary distal vasoc&istricdon occurs fre-
quently after successful angioplasty of chronic total occlusions and
correlates closely with the change in coronary
perfusion
pressure .
These findings support the hypothesis of reset epicardial coronary
autoregulation in chronic hypo perfusion such that restoration of
normal perfusion pressure after successful angioplasty may pro-
voke reflex vasoconstriction .
(j Am Coll Cardiol 1993,22: 163S-40)
the presence of functional recruitable collateral vessels
during balloon inflation makes the measurement of the
abrupt change in distal coronary perfusion pressure compli-
cated in angioplasty of subtotal coronary obstructions .
Chronic total occlusion provides a good model to study the
relation of distal vasoconstriction and the abrupt change in
perfusion pressure after angioplasty because the distal per-
fusion pressure before angioplasty is in a steady state
condition with maximal collateralization .
The present study was undertaken to evaluate the coro-
nary vasomotor response after successful angioplasty of
chronic total coronary occlusions and to test the hypothesis
that the degree of distal coronary vasoconstriction is depen-
dent on the sudden change in perfusion pressure in the distal
vessel .
flethAs
Study patients. Thirty patients with successful angio-
plasty of chronic total occlusions (a3 months) of the left
coronary artery system were included in this study
. Patients
with grade 0 collateral flow to the angioplasty segment (see
later) were excluded
. Successful coronary angiopiasty was
defined os
a reduction in percent diameter stenosis to <50% .
The date of occlusion was derived from the date of acute
myocardial infarction or the greatest change in anginal
0735-1097/93/$6.00
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symptoms. Twenty-four patients had clinically documented
myocardial infarction . In the remaining six patients, a clear
moment of unstable angina was noted . No patient had
symptoms suggestive of variant angina. The study protocol
was approved by the Ethics Committee . Written informed
consent was obtained from all patients .
Study proteeol and co . All antianginal
therapy (beta-adrenergic blocking agents, calcium antago-
nists and nitrates) was discontinued 48 h before the study .
Patients were free to use sublingual nitroglycerin as re-
quired, but no study was performed within 4 h of its
administration. All patients were taking aspirin . Coronary
angioplasty was performed after an intravenous bolus of
10,000 U of heparin, with use of the femoral approach and an
over-the-wire balloon catheter system, Balloon sizes were
chosen to approximate the diameter of the normal-appearing
adjacent coronary artery segment . At least two balloon
inflations were performed in each patient, with additional
inflations performed as needed until the coronary occlusion
had been dilated adequately according to angiographic cri-
teria,
Coronary wedge pressure was defined as the mean distal
coronary pressure measured at the tip of the balloon dilation
catheter while the balloon was first inflated in the stemosis
with a pressure of 2 atm. Correct position of the balloon was
documented on cine film . The pressure was measured by the
liquid column of nonionic contrast medium in the central
lumen of the balloon catheter after 30 s of balloon inflation.
A simultaneous recording of the pressure obtained from the
guiding catheter was obtained . To ensure that the residual
gradient was <10 mm Hg, the mean transstenotic pressure
gradient was also measured after angioplasty when the
balloon was deflated . The absolute change in distal perfusion
pressure was defined as mean systemic arterial pressure
minus residual mean transstenotic pressure gradient minus
mean coronary wedge pressure . The extent of the collateral
circulation before ' plasty was assessed according to the
classification of Rentrop et al, (3) : 0 = no visible filling of any
collateral channels ; l = collateral filling of branches of the
occluded vessel without any contrast medium reaching the
epkardial segment of the occluded vessel; 2 =- partial
collaterai filling of the epicardial segment of the occluded
vessel; and 3 = complete collateral filling of the occluded
vessel.
After the final balloon inflation, the balloon catheter and
guide wire were withdrawn, and biplane selective coronary
angi
hy, in the previously selected projections that best
demonstrated the lesion, was performed
. These angiograms
were designated 0 min after coronary angioplasty . Further
biplane coronary angiograms were repeated at 15 and 30 min
after final balloon inflation and again 3 min after the admin-
istration of 300 ,ug of intracoronary nitroglycerin immedi ,
ately after the 30-min angiogram
. The dose of intracoronary
nitroglycerin used in this study can be assumed to cause
maximal relaxation of the smooth muscle of epicardial
coronary arteries (6) . Therefore, the decrease in coronary
caliber at various times after angioplasty from this maximal
vasodilation indicates various levels of vasoconstriction .
Blood pressure and heart rate were recorded immediately
before each angiogram (before angioplasty ; after angioplasty
at 0, 15 and 30 min; and after administration of intracoronary
nitroglycerin) .
Quantitative coronary artery phic analysis . All angio
.
grams were reviewed as suitable for analysis by quantitative
coronary arteriography . Multiple projections, including cra-
nial and caudal angulated views, were obtained in all pa-
tients. Orthogonal views were obtained by biplane angiogra-
phy. The precise angle of each projection was recorded so
that the projection that best demonstrated the lesion to be
dilated with minimal foreshortening could be replicated .
Coronary dimensions were measured by a previously
described computer-assisted edge-detection coronary quan-
titation system (7) . End-diastolic cine frames that showed
the segment best were chosen for analysis. Coronary arteries
that were inadequately opacified and segments that were
overlapped by other structures were not analyzed . Three
coronary segments were analyzed in each patient: 1) the
angioplasty segment, which, by definition, was 10017v oc-
cluded before angioplasty ; 2) the distal segment, which was
chosen to be a clearly identifiable 5-mm long segment distal
to the dilated segment and not manipulated by the balloon
catheter; and 3) the control segment, which was defined as a
clearly identifiable 5-mm long segment in the left coronary
artery that was not manipulated by guide wire or balloon
catheter (e .g., the left circumflex coronary artery when
angioplasty was performed in the left anterior descending
coronary artery). Measurements of the coronary segment in
two orthogonal views were obtained and averaged, the
minimal segment diameter was then used for subsequent
analysis. Catheters of known diameter were used for cali-
bration (8-10) . To determine percent vasoconstriction, the
segmental vessel diameters measured from the postintracor-
onary nitroglycerin angiogram were defined as the maxi-
mally vasodilated state such that percent vasoconstriction at
time t = (Diameter after nitroglycerin - Diameter at time
t)/Diameter after nitroglycerin x 100% .
Statistical analysis . Analysis of variance (repeated mea-
sures, Fisher PLSD) was used to compare the serial changes
in coronary vasomotor response . The two-tailed Student t
test was used for paired or unpaired data. Linear regression
analysis was used to evaluate the relation between change in
distal perfusion pressure and percent vasoconstriction . Sta-
tistical significance was assumed when p < 0 .05. All values
are expressed as mean value ± SEM .
Results
Patient characteristics. Table I shows the patient and
procedural characteristics of the study group . There were 21
men and 9 women study patients with a mean age of 56 ± 2
years. The mean duration of occlusion of the angioplasty
vessel was 4.8 ± 0.3 months. The vessel dilated was the left
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F = female
; LAD = left anterior descending coronary artery ; LCx = left circumflex coronary artery ; M = male ; Pt - patient .
anterior descending artery in 24 patients and the left circum-
flex artery in 6 . The mean balloon size was 2 .8 ± 0.1 mm and
the mean number of balloon inflations was 3 .2 ± 0.2. The
mean maximal inflation pressure was 7 .0 ± 0 .2 atm. The
residual percent diameter stenosis was 30 ± 2% . The resid-
ual mean transstenotic pressure gradient was 4 .6 ±
0.5 mm Hg after angioplasty . There was no significant
change in mean systemic blood pressure and heart rate from
before angioplasty to 30 min after angioplasty . Nitroglycerin
produced a significant reduction in mean systemic blood
pressure by 12 t 4 mm Hg (p < 0 .005).
Coronary vasoconstriction after angioplasty . Figure 1
shows the degree of vasoconstriction after coronary angio-
plasty in the three segment groups . There were no changes in
the degree of vasoconstriction in the control segment group
at 0, 15 and 30 min after angioplasty (11 .3 ± 2.1%, 12.1 ±
2.0%, and 12.5 ± 2.0%, respectively, p = NS) . The distal
segment group showed significant increase in the degree of
vasoconstriction at 15 and 30 min compared with that at
0 mitt (32 .3 ± 2.2% and 35 .2 ± 2.5% vs. 12.5 ± 1 .8%,
respectively, p < 0.005) . The degree of vasoconstriction in
oe
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Figure 1
. Graph showing the degree and time course of coronary
vasoconstriction after angioplasty in the distal, angioplasty (PTCA)
and control segment groups
. Values are expressed as mean value
SE .
Pt
No .
Age (yr)/
Gender
Vessel
Dilated
Duration of
Occlusion
tnlo)
Balloon Size Inflations
(mm)
(no.)
Maximal Inflation
Pressure
(atm)
Residual
Stenosis
(%)
Residual
Transstenotic
Pressure Gradient
(mm Hg)
1 65/M LAD
3 3 .0
7 37
6
2 54/M LAD 3
3 .0 7
25
3
3 48/M LAD 4
3 .5 6
20 5
4 52/F
LAD 6 2 .5
6
30 5
5 59/M LAD 5
"5
8 35
4
6 55/F LCx 8
3 .0 6
40
6
7 61/M LAD 4 3 .0
6 45
5
8 60/M LAD 6 2 .5
7 35 7
9 50/M LAD 5
2.5 7
30
8
10 49IM LAD 8 3.0
6
36 6
Il 541F LCx 6 3 .0
6 29
3
12 481F LAD 6 3 .0 7 25
4
13
6,/M
LAD 3 3 .0 8
15 5
14
451M LCx 4
2 .5 8 13
0
15
62/M LAI) 2 .5
15 0
16 58/M LAD
5 2 .5
9
20 0
17 601F LAD 7 3 .0 10
3
18
53/M LAD 3 3 .0 6 37 5
19 47/F LAD 6
3 .0 6 41 5
20 541M LCx 8 2 .5 7
50 8
21 67/M LAD 4 3 .5 6 29 0
22
56/M LCx 5 3 .0 6 29 4
23 641F LAD 3 3 .0
6 27 9
24 54/M LAD 7 2 .5 8 30
8
25 481M LAD
4 3
.0 6 35 6
26 521M LAD
4 2 .5
6 35 6
27
691M
LCx 3 2 .5 9 35
8
28 51/F LAD 3 2 .5 10 29 4
29 S1/M LAD 4 2 .5 6 30
4
30 62/F
LAD 3 3 .0 6 20 0
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Figave 2. W pm plot showing the relation between coronary
wedge pressure and angiographic degree of collateral circulation, as
defined by Rentrop et at . (5) before coronary angioplasty .
Open
drda represent values expressed as mean value ± SE
. Patients
with grade 0 collateral flow to the angioplasty vessel were excluded
from study.
the distal segment group was also significantly greater than
that in the control group at 15 and 30 min (32 .3 ± 2.2% vs .
12.1 ± 2.0%, p < OW, and 35 .2 ± 2.5% vs . 12 .5 ± 2.0%
p < 0.005, respectively) . There was also progressive vaso-
constriction in the angioplasty segment group, with 7 .1 ±
1.5%, 20 .4 ;t 2.0% and 22 .6 ± 2.0% vasoconstriction at 0,15
and 30 min after angioplasty, respectively. The degree of
vasoconstriction observed 15 and 30 min after angioplasty in
the angioplasty segment group was significantly greater than
that observed at 0 min after angioplasty (p < 0.01) and was
significantly greater than the vasoconstriction in the control
segment group at 15 and 30 min (p < 0 .01) .
Coronary don c6 in distal on
premere. The mean coronary wedge pressure was 39 .0 ±
2.1 mm Hg, and the simultaneous mean systemic blood
pressure was 91 .6 ± 1 .6 mm Hg. The residual mean trans-
stenotic pressure gradient was 4.6 ± 0.5 mm Hg. The
derived mean change in distal perfusion pressure was 48.0 1:
2.6 mm Hg. There was a relation between the coronary
wedge pressure and the angiographically determined degree
of collateral circulation (Fig . 2) before angioplasty . Patients
with grade 3 collateral circulation had a significantly higher
coronary wedge pressure than that of patients with grade 2
(4V ± 3.1 vs. 39 .6 ± 2,1 mm Hg, respectively, p < 0 .05) or
grade 1(48 .5 ± 3.1 vs . 28.5 ± 3.7 mm Hg, respectively, p <
0.001) . Patients with grade 2 collateral circulation also had a
significantly higher coronary wedge pressure than did those
with grade 1(39.6 ± 2.1 vs . 28.5 ± 3.7 min Hg, respectively,
p < 0 .01). As illustrated in Figure 3, there was a significant
linear relation between the change in distal perfusion pres-
sure and the degree of vasoconstriction at 30 min in the distal
segment group (r = 0
.73, p < 0.001). In contrast, no
70
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Figure 3. Scattergram plot showing the linear relation between
change in coronary perfusion pressure and percent vasoconstriction
in the distal segment group at 30 min after coronary angioplamy .
significant correlation was found between the change in
distal perfusion pressure and the degree of vasoconstriction
in the angioplasty and control segment groups .
Discussion
This study shows that distal vasoconstriction occurs
frequently in patients after successful angioplasty of chronic
total coronary occlusions . This vasocoistriction is readily
reversible with intracoronary nitroglycerin . Moreover, the
new finding in this study is that the degree of distal vasocon-
striction is linearly related to the change in coronary perfu-
sion pressure.
Coronary vas for changes after angioplasty . Coronary
artery vasoconstriction distal to the site of balloon dilation
occurs frequently after successful angioplasty (1-4) . How-
ever, its precise pathophysiologic mechanisms are largely
unknown. The regulation of arterial vascular tone is complex
and involves interactions among humoral, neurogenic, myo-
genie and endothelium-derived factors (11) . After successful
angioplasty, the distal coronary artery bed may be subjected
to a number of stimuli that could be responsible for the
change in coronary vasomotor response . First, the rapid
increase in distal perfusion pressure after the relief of the
stenosis by angioplasty may result in a myogenic response,
leading to an increase in rest coronary tone (2) . Second, the
distal coronary artery could be exposed to increased con-
centrations of vasoactive substances, such as serotonin,
released from platelets aggregating at the site of balloon
injury (it was recently shown that serotonin causes intense
vasoconstriction in atherosclerotic arteries [12]) . Third, an-
gioplasty may induce significant nerve damage, leading to an
intense vasoconstrictor response (4) . Fourth, angioplasty
may impair the function of the vasa vasorum, which are
known to be considerably increased in number at the site of
JACC Vol. 22, No . 6
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atheromatous plaque (13) . Finally, loss of endothelium-
dependent flow-mediated vasodilation in a diseased distal
vessel may lead to an exaggerated increase in perfusion
pressure and unopposed vasoconstriction in the setting of
increased coronary blood flow after angioplasty (2) .
In the elegant study by Fischell et al . (2), the degree of
distal coronary vasospasm was found to be related to lesion
severity before angioplasty. Percent vasoconstriction in the
distal coronary segments correlated significantly with mini-
mal lesion diameter before angioplasty . They also demon-
strated that the distal vasoconstriction began shortly after
successful revascularization and appears to peak at 15 to
30 min after angioplasty . They hypothesized that human
epicardial coronary arteries can reset their autoregulatory
responsiveness in the setting of chronic hypoperfusion such
that restoration of more normal levels of perfusion pressure
after successful angioplasty may provoke reflex vasocon-
striction . They suggested that this vasospasm is mediated by
either an endothelium-dependent or a myogenic reflex mech-
anism. To avoid the eltsct of confounding collateral blood
flow on the distal coronary perfusion pressure, they ex-
cluded patients with well developed collateral channels
supplying the vessel to be dilated (>grade 2 collateral flow) .
However, they did not measure the transstenotic pressure
gradient in the study .
Nevertheless, their findings were not confirmed by a
subsequent study (4). El-Tamimi et al . (4) demonstrated
intense constriction of the distal coronary artery segments
4 h after angioplasty, which prevented further vasoconstric-
tion by physiologic nervous stimulation (cold pressor test) .
They found that this vasoconstriction was undetectable at 8
days after the procedure . Contrary to the findings of Fischell
et al . (2), they found no relation between the degree of
vasoconstriction and the severity of the stenosis before
angioplasty . They suggested that a reflex increase in myo-
genic tone was unlikely to be the underlying mechanism .
However, they failed to assess the presence or the functional
significance of the collateral circulation, which may alter the
baseline perfusion pressure of the distal vessel . This may not
allow the relation between stenosis severity and degree of
distal vasoconstriction to be revealed because stenosis se-
verity may not be representative of the transstenotic gradi-
ent in the presence of collateral flow .
Coronary vasoconstriction and change in perfusion pres-
sure. Perfusion pressure distal to a coronary artery stenosis
is dependent on forward coronary blood flow, lesion
severity and the degree of perfusion contribution from
collateral circulation. As previously validated in animal
studies (14), coronary pressure distal to an occlusion has
been considered to constitate an indicator of the function of
collateral circulation . Coronary wedge pressure obtained
during coronary angioplasty was also found to reflect fairly
well the angiographically estimated degree of collateraliza-
tion (15) . In addition, de Bruyne a al. (16) found that the
distal coronary pressure determined during percutaneous
balloon revascularization of totally occluded coronary
arteries is a functional indicator of collateral circulation .
When performing pressure recordings, the balloon catheter
was not flushed with saline solution . he coronary wedge
pressure was measured with a column of contrast medium,
resulting in a nonphasic (damped) pressure tracing corre-
sponding to the mean distal pressure . In this study, the
distal perfusion pressure was measured in total coronary
occlusions instead of lesions with subtotal occlusion . In
lesions with subtotal coronary occlusions, the coronary
wedge pressure reflects not only spontaneously visible
collateral channels, but also recruitable collateral channels
during acute coronary occlusion (15) . Together with the
loss of forward coronary blood flow during balloon in-
flation, the coronary wedge pressure in subtotal occlusion
probably does not represent the usual steady state per-
fusion pressure of the distal vessel before angioplasty .
These problems are avoided in total coronary occlusions
because there is no forward flow before angioplasty and
there are no recruitable collateral channels during balloon
inflation. Therefore, the coronary wedge pressure in total
occlusion represents the steady state perfusion pressure of
the distal vessel before angioplasty .
In the present study, the severity of coronary vasocon-
striction distal to the site of successful angioplasty of total
coronary occlusions is closely correlated with the change in
distal perfusion pressure . Vessels with larger change in distal
perfusion pressure have a greater degree of vasoconstriction
after successful angioplasty, suggesting that hypoperfusion
predisposes to vasoconstriction after angioplasty . It is likely
that the sudden increase in distal perfusion pressure pro-
vides a stretch stimulus to the vessel that mediates the
vasoconstriction. This provides further support for the hy-
pothesis by Fischell et al . (2) that human epicardial coronary
arteries may reset their autoregulatory response in the
setting of chronic hypoperfusion . Reflex vasoconstriction
may then occur when the distal ve,,sel is suddenly exposed
to higher than usual perfusion pressure . It is likely drat this
distal vasoconstriction is the result of a pressure/stretch-
mediated stimulus through either an endothelium-dependent
or myogenic mechanism (2) . However, this hypothesis may
not necessarily apply to the microvasculature, which was
not assessed in this study .
Conclusions. Distal coronary vasoconstriction occurs
frequently in patients after successful angioplasty of chronic
total coronary occlusions . The degree of vasoconstriction
correlates closely with the change in distal coronary perfu-
sion pressure . These findings provide support for the hy-
pothesis of reset coronary autoregulation in chronic hypo-
pefusion such that restoration of normal perfusion pressure
after angioplasty may provoke reflex vasoconstriction .
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